The genus Propionibacterium is divided into the cutaneous and the dairy or classical species. Classical species include Propionibacterium jensenii, P. acidipropionici, P. freudenreichii subsp. freudenreichii and shermanii, and P. thoenii (5) . The industrial significance of this group lies in their contribution of the characteristic flavor, texture, and "eyes" of Swiss cheese, their prolific production of propionic acid, and their ability to synthesize vitamin B12.
The propionibacteria are well known for their production of inhibitory metabolites. During fermentative metabolism, they convert glucose and lactate to propionate, acetate, and carbon dioxide (9) . The inhibitory effects of propionate and acetate are potentiated by the low pH encountered in Swiss cheese and other fermented products; the undissociated forms are effective against gram-negative bacteria (2) . In addition, propionic acid and its salts are incorporated into bakery products to prevent mold growth and ropiness. Up to 6.12 ppm of the inhibitor diacetyl may be produced by strains of P. freudenreichii subsp. shermanii in milk (14) . However, 172 to 344 ppm were required for inhibition of yeasts and non-lactic acid bacteria (12) . Therefore, production of diacetyl probably does not contribute significantly to inhibition by propionibacteria.
Other inhibitors include the propionins, antiviral peptides obtained from cellular extracts of P. freudenreichii (20) . Propionin A is a dialyzable peptide demonstrating in vitro activity against vaccinia viruses. Propionins B and C also are dialyzable; their sizes are approximately 1,000 to 2,000 Da, and they demonstrate both in vivo and in vitro activity against Columbia SK virus (21) (6) has been reported to contribute significantly to the inhibitory effect of Microgard. No doubt, propionic acid also contributes to this antagonistic activity.
Production of bacteriocins in the propionibacteria has been described previously. Bacteriocins are bactericidal proteins with a narrow spectrum of activity targeted toward species related to the producer culture (23) . Fujimura and Nakamura (7) have described a bacteriocinlike substance, termed acnecin, produced by the cutaneous species P. acnes isolated and partially purified from sodium lactate agar cultures; it was a 10,000-Da protein that displayed activity against other dairy propionibacteria, extending to gramnegative species including vibrios and pseudomonads.
Characteristics of the inhibitor produced by P. jensenii P126 are examined in this study. The inhibitor, jenseniin G, is a heat-stable protein with bactericidal action against some sensitive species and meets criteria (21) for classification as a bacteriocin.
MATERIALS AND METHODS
Strains. The producer culture P. jensenii P126, the sensitive indicator P. acidipropionici P5, and other indicator propionibacteria were obtained from B. A. Glatz (Iowa State University Department of Food and Human Nutrition, Ames). Other indicator cultures were obtained from the Clemson University Food Microbiology culture collection and are listed in Table 1 .
Growth conditions. Propionibacteria were cultured in sodium lactate broth (NLB) that consisted of 1% Trypticase soy broth without dextrose (BBL Microbiology Systems, Cockeysville, Md.), 1% yeast extract (Difco Laboratories, Detroit, Mich.), and 1% sodium lactate syrup (60%; Fisher Preparation of crude jenseniin G. Crude jenseniin G was prepared by two methods. Agar extracts containing activity were prepared by a modification of the method of Lyon and Glatz (16) . P126 was spot inoculated to the surface of soft NLA and incubated at 32°C for 7 to 10 days under anaerobiosis. Producer colonies were removed with a sterile cork borer and discarded. The remaining agar was aseptically transferred to a sterile plastic bag, macerated by hand, and frozen overnight at -20°C. The bags then were held at 4°C for 24 h to permit diffusion of the inhibitor into the aqueous phase. Agar was removed by centrifugation (1 h, 4°C) at 9,000 rpm in a GSA JA-14 rotor (Beckman, Palo Alto, Calif.).
Crude jenseniin G also was obtained from broth cultures. NLB cultures of P. jensenii P126 were incubated at 32°C for 10 days under anerobiosis, and cells were removed by centrifugation as described above. The supernatant was passed sequentially through a 1.2-p.m-pore-size membrane filter (Millipore, Bedford, Mass.) and a 0.45-p.m-pore-size filter (Gelman, Ann Arbor, Mich.), transferred to dialysis tubing with a 10,000-to 12,000-molecular-weight cutoff (Spectrum Medical Industries, Inc., Los Angeles, Calif.), and concentrated to 1/50 to 1/100 of the original volume against polyethylene glycol 3,500 or 20,000 (Sigma). Alternatively, the supernatant was lyophilized in a freeze-drier (VirTis Inc., Gardiner, N.Y.) and resuspended in 1/50 to 1/100 of the original volume of sterile distilled water. Concentrated supernatant was dialyzed exhaustively against 0.1 M phosphate buffer (pH 6.8).
Activity ofjenseniin G was assayed both by spotting 10-to 50-p.l portions onto NLA plates containing an indicator lawn (104 to 105 CFU/ml), drying at 23°C for 120 min. and holding the plates at 32°C for 48 h and by the agar-well diffusion method of Tagg and McGiven (24) . The titer of jenseniin G was defined as the reciprocal of the highest dilution inhibiting the indicator lawn and expressed as activity units (AU) per milliliter (3).
Jenseniin G was examined for adsorption to P. Plasmids. Strain P126 was examined for plasmids by the procedure of Rehberger and Glatz (22) .
RESULTS
Activity spectrum. P. jensenii P126 was examined by both deferred and agar plug methods (Fig. 1) for inhibition of molds, dairy propionibacteria, selected lactic acid bacteria, and other gram-positive and gram-negative indicator species (Tables 1 and 2 ). Inhibitory activity of P. jensenii P126 was confined to two dairy propionibacteria, P. jensenii P54 (Fig. 2a) destroyed antagonistic activity, suggesting that the agent responsible for inhibition is a protein. Treatment with catalase had no effect (Fig. 2b) , indicating that the inhibitor was not H202. The proteinaceous inhibitor produced by P. jensenii P126 was termed jenseniin G.
The temperature sensitivity ofjenseniin G was examined.
Inhibitory activity in agar plugs was not affected by heat treatment for 15, 30, 45, and 60 min at 50°C (Fig. 3) or 2 min at 100°C (Fig. 3) (Fig. 4) . However, LcA producer cultures resulted in equivalent production of tead of sodium jenseniin G. GA cultures held anaerobically produced more )re activity was jenseniin G than those held under flowing CO2 but not more n in than NLA producer cultures (Fig. 5) . Therefore, for subsecontinued proquent experiments, NLA or NLB cultures of P. jensenii P126 incubated under flowing CO2 were used as the source of crude jenseniin G. Like jenseniin G activity in agar plugs, activity in NLA producer culture extracts and concentrated NLB spent producer culture was sensitive to proteinase K and insensitive to catalase. In addition, the antagonist in culture extracts inhibited the same indicator species as did agar plugs containing jenseniin G. These data support the premise that agar plugs and culture extracts contained the same antagonist(s). The availability of jenseniin G in soluble form permitted its titration against sensitive indicator species. Crude jenseniin G from both sources was more inhibitory to L. delbrueckii subsp. lactis ATCC 4797 than to P. acidipropionici P5; titers of the same extract against these organisms were 400 and 20 AU/ml, respectively.
Bacteriocins typically exhibit bactericidal, rather than bacteriolytic, action (23) . Addition of 20 AU of crude jenseniin G per ml to 1.9 x 107 cells of the sensitive indicator P. acidipropionici P5 stopped growth but did not result in cell 4 5 death. Addition of lower concentrations (5 to 10 AU/ml) of jenseniin G had no effect on indicator cell growth ( Table 3) . Treatment of P. acidipropionici PS with jenseniin G (20 (Fig. 6) Inhibitory effects of bacteriocins occur in a multistep process that begins with the binding of the bacteriocin to sensitive cells. Exposure of L. delbrueckii subsp. lactis 4797 to jenseniin G (1,600 AU/ml, 24 h at 4 or 37°C) reduced activity to 400 AU/ml. Treatment of P. acidipropionici P5 with jenseniin G (20 AU/ml) under the same conditions resulted in no decrease in activity. These data suggest that jenseniin G adsorbed to L. delbrueckii subsp. lactis 4797 but not to P. acidipropionici P5.
No plasmids were detected in P. jensenii P5.
DISCUSSION
To our knowledge, this report provides the first description of a heat-stable bacteriocin produced by the dairy or classical propionibacteria. The sensitivity of jenseniin G to proteases, its insensitivity to catalase, and its large size, as indicated by retention in dialysis tubing with a molecular size 
